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ISTROOTCTIOH 
*^16 use of apeetznui analysis in qualitative and quantita­
tive ehemioal determinations has become increasingly important 
within the last few years. Previous to that time its use was 
largely restricted to that of a qualitative nature. With the 
development of more reliable methods of quantitative spectrum 
analysis, and with Increasing importance placed upon the 
control of small concentrations of elements present in alloys 
and similar industrial products, the importance of spectrum 
analysis to ^ e chemist has increased tremendously. 
^e successful application of spectrum analysis to quan­
titative determinations of the elements depends upon an ac­
curate measurement of the intensity of the characteristic spec­
trum line or lines of those elements. Numerous methods have 
been developed for measuring such intensities. Most of these 
methods are dependent upon the use of the photographic plate 
as a recording awdium. In most cases the intensity of the 
characteristic line or lines is compared with some standard in­
tensity. One of tiie first methods developed was that of Qer-
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loeh (1) known as the "internal standard" method, fhis was 
later modified by Qerloch and Sweitzer (2}(3) to depend upon 
the comparison of intensities of '^homologous pairs" of lines. 
Schiebe and Keuhasser (4) and later Twyman and Pitch (5) and 
Tmym&n and Siaison (6} used a logarithmic sector for measuring 
^variations in intensities. lundegardh (7) describes a method 
in which a photoelectric cell and amplifier are substituted 
for the photographic plate. He excites the powdered sample by 
using an oxyacetylene flame. "Hiese and numerous other methods 
have been improved and are still in the process of improvement. 
Rather complete surveys with bibliographies of the recent 
progress of quantitative spectrum analysis and its application 
to special problems can be found in reviews by Schleicher (8) 
and Waibel (9). 
When a Oeiger-liailer (10) tube is modified by the addition 
of a window and a light-sensitive surface, it becomes an ex­
tremely sensitive instrument for measuring small intensities cf 
light. The incident li^t striking the sensitive surface of 
the cathode causes photoelectrons to be emitted. Eadbt of these 
photoelectrons ionises the surrounding gas in passing from 
cathode to anode. This ioniaation results in a drop in the 
resistance between the electrodes, cauaing a small discharge 
which can be amplified and recorded. Thus the xmmber of dis­
charges or of resulting impulses per unit of time is a ^ asure 
©f the incident light. 
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Hajewski (11) developed a counter with which he was able 
Q 
to detect 12 quanta of light per em per second at 2650 A. He 
reported detection of light from mlto-genetlc rays and from 
l^otochemloal reactions. However, the cathodes of his counters 
were so large that they had a large "dark rate". This spon­
taneous counting while In darkness Is due to radioactivity, 
cosmic rays and slallar types of radiation. Such a large dark 
rate Is objectionable as It Is subject to ntmerous variations, 
and prevents the detection of very small ll^t Intensities 
whose CTOint would be superimposed upon such a background. 
Locher (12) reduced this "dark rate" to as Iw as 0,7 per 
ffllnute for copper and silver. He used smaller, cylindrical 
cathodes (having a length of about 11 ma, and an Internal dl-
ajaeter of about 7 mm,) and yet retained the sensitivity obtain­
ed with the larger ones. Longitudinal slots about 4,5 mm, 
wide were sawed along an element of each of the cylinders to 
admit the light. The minima intensity which he could measure 
was about 1/20,000 of that obtainable,with a photo cell and 
electrometer. He obtained his best results with cathodes of 
silver and copper. 
Ollano (13) constructed a number of counters having vari­
ous types of cathodes with fi^ich he obtained sensitivities of 
3 6 2 10 to 10 quanta per em per aiimte, depending upon the cath­
ode materials and the wave length of the incident light. 
Hausser and Kreuchen (14) tested the sensitivity of their 
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plioton counters by passing the li^t from a standard Hg lamp 
throui^ a double prism quartz monochromator. The Intensity of 
the 8537 A Eg line at the second slit was s^asured with a 
13 thermopile and found to be 1 x 10 quanta per sec. When sub-
9 jected to this intensity the photon tubes gave about 10 la-
pulses per second which was much faster than could be counted 
by mechanical means. By inserting a double quartz reflector 
between the second slit and the photon tube, the initial inten-
sity of 10 quanta per second was reduced to a value that 
4 
could be registered by the counter. Sensitivities of 10 to 
g o 
10 quanta per cm per second at 2537 A were found for Gd and 
Zn cathodes. Earev and Rodlonov (15) by much the same method 
8 9 Obtained a sensitivity for A1 cathodes of about 10 to 10 
quanta per second at 2537 A. Heiss (16) substituted a bolometer 
for the theraopile. Be found the sensitivities of Cd photon 
4 7 
cells to vary frcm 10 to 10 quanta per second depending upon 
the method of construction and the wave length of the incident 
ligbt. 
Strum (17) did not use cylindrical cathodes but used a 
flat plate with a platinum point as an anode. He measured the 
intensity of the incident light in much the same manner as 
lArev and Rodlonov. The sensitivity of his counter tubes 
-9 -10 2 
varied from 10 to 10 ergs per em per second. 
Recent work by Kreuchen (18) checks that of previous tests 
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©specially in the region of 2500 A, H© extended the measure-
i^nts of sensitivity into the extreme ultra violet by use of a 
•acuum spectrometer. Apparently most cells become more sensi­
tive with decreasing wavelength, Audubert and Relthiouller (19) 
and later Audubert (20) made numerous tests of the spectral 
sensitivity of the various cathodes used in photon counters. 
In most cases the laaxinnim sensitivities were obtained in the. 
region of 2500 A, They constructed and tested 50 cells. All 
had 8 sensitivity of at least 5 x 10 ergs/cm /sec,, twenty a 
sensitivity of 5 x 10 , six a sensitivity of 5 x 10" , and 
-11 two a sensitivity of 5 x 10 , 
There appears to be a gradual increase in the sensitivity 
of photon cells as the technique of constructing and using 
them is improved. However, one appears to be justified in as-
•"8 2 
suaing that a sensitivity of 10 ergs/oB /sec, is quite pos­
sible for a photon counter. 
The sensitivity of the photon counter for measuring small 
light intensities is indicated by the above survey. The photon 
counter also measures the total li^t flux per unit of time for 
a given period, !^ese two characteristics have suggested its 
use in measuring intensities in quantitative spectrum analysis. 
The present investigation was undertaken in an attempt to 
adapt the photon tube to the quantitative cheaical analysis of 
a simple compound, 5he work necessitated the construction of 
a suitable photon tube with amplifier, a source of high, di­
rect current voltage, and a counting mechanistn for recording 
the impulses. It was also necessary to develop a method of 
using the counter to meastire intensities of spectroscopic mag­
nitude. 
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EXPERIMEHTAL 
Ixeitation unit. 
The granite electrodes containing the sample are held in 
an adjustable holder. An optical focusing arrangement is used 
to ali^ the electrodes with the slit of the monochromator. 
The power for exciting the arc is obtained from a set of lead 
storage cells. The total potential obtainable is 114 volts. 
A variable resistance is connected in series with the arc en­
abling one to adjust the amperage through the arc. The inten­
sity of the ll^t from the arc must be adjusted to fall within 
the effective counting range of the photon tube by varying the 
distance between the arc and the slit of the raonochromator, 
l^is use of the inverse square law as a means of adjusting the 
intensity allows one to dispense with any other photometric de­
vice for decreasing the intensity. 
Mono^roaa tor, 
A Qaertner single prism, constant deviation type of quarts 
monochj^mator was used. The monochromator, idioton tube, ampli­
fier, and counting imchanism are shown in Fig. 1. A schematic 
arrangement of the apparatus is shown in Pig, 2, 
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fhotoa tube. 
Several types of photon tubes were construoted similar to 
those described by Rajewsky (21) and Locher (12), The tube 
shown in Pig, S which was used for most of the work on this 
problem is similar to that of Locher, The outer jacket of the 
tube is made from 48 ram. pyz^x glass. A quartz window, cement­
ed upon the end of the tube, allows the light to enter. The 
inner tube supporting the cylindrical cathc^e is of 12 xm, py~ 
T9X tubing. The grouM glass Joint, sealed with piscein wax, 
allows the cathode cylinder and its supporting tube to be re­
moved. Bie cathode cylinder which is about 11 ma. in length 
and 7 mm. inside diameter has a 2 mm. slit cut along an element 
of the cylinder allowing the light to enter, Rie cylinder is 
held in a special clamp to allow for adjustments in centering 
it about the anode wire. Electrical connection is made to the 
cathode by meami of a 40 mil tungston wire sealed throu^ a 
Sonex glass bead and brazed to a copper lead. This copper 
lead is soldered to an ordinary grid cap. The wire anode is 
held taut by a spring made from 8 mil platinum-iridium wire. 
Twenty mil tungston wire is sealed throu;;^ the pyrex glass 
and connected to special grid caps. Saiall hooks on the end of 
the tungston wires allow the replacement of the anode wire and 
spring. Five mil platinum wire carefully polished with rouge 
was used for the anode wire. A side arai connects the photon 
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tube to the vacwm system. 
A Cenoo Hyvac oil pump and an electrically heated mercury 
diffusion pimp are used to evacuate the tuhe. A mercury manom­
eter is included to control the pressure of the gas admitted 
to the system. A two-way stopcock allows one to admit to the 
tube any gas desired. When a new electrode is placed in the 
tube, the tube is evacuated, "baked out" as thoroughly as pos­
sible with a hand torch, and allowed to cool, A small induc­
tion coil is connected across the electrodes and dry hydrogen 
gas is admitted to the tube, ^e pressure of hydrogen is so 
adjusted as to obtain a glow discharge at the cathode cylin­
der, about two minutes being sufficient time for its sensiti­
zation. The tube is again evacuated, then filled to the de­
sired pressure with heliiim gas. 
Air, nitrogen, argon and helium were tried in the count­
er. Of these, helium appears to be the moat satisfactory and 
is the gas used in the tube at the present tiis». Although the 
pressure is not a critical factor, various pressures from 2 cm, 
to 14 cm, were used, 8 centimeters being mintained throughout 
the recorded experimental work. Electrodes of copper, silver, 
magnesium, nickel and brass were tried. For wave lengths in 
the region of 2^X> A, the silver cathodes are most satisfactory, 
Thej have a Icwer "dark count" and a greater sensitivity than 
any of the other metals tried with the possible exception of 
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oop|:^r. An added advantage of sliver Is the ease with which 
anj oxide formed in polishing or handling ean he reduced when 
subjected to the glow discharge in hydrogen. 
When in use the tube is surrounded by a isetal case which 
acts as an electrostatic shield and also prevents stray light 
from entering the cell. However, when working in the regior. of 
2500 A, the amount of light transmitted by pyre* is negligible. 
The tube and entire vacuum system are assanbled in one unit, 
in order that they may be moved v^en necessary. 
High voltage source. 
The potential required for the field of the counter tube 
is furnished by a direct current power |»ck similar to that 
described by S^tmitt {22}, The circuit is shown in Fig, 4, 
The power transformer has a maxiaam potential of 2,000 volts 
aeross the secondary, Half-wave rectification is obtained by 
an 866 B^reury vapor rectifier. The filter system consists of 
two 500 henry, 15 ma. chokes and three 1 m.fd, condensers. 
All transfomers and condensers are insulated for 2000 volts. 
Voltage fluctuations are reduced by use of a »57 tube as a 
voltage regulator. It is biased by a 90 volt B battei*y. 
Fluctuations in voltage are negligible even for line voltage 
variations of 10 - 15 volts. The output voltage can be varied 
from zero to nearly 20(X) volts by means of the two awchanical-
- 14 -
ly coupled potentioffleters and Pg and by means of the two 
rheostats Kg and Rg. The output voltage Is measux^ed by a 0-1 
mllllaimeter In series with a megohm resistor. The mazimura 
current output of this rectifier is quite small but as a low 
current, high voltage so\irce it is quite reliable. All parts 
of the rectifier are mounted on bakelite and enclosed in a 
metal case as shown in Fig. 5. 
Amplifier. 
^e impilses from the photon tube are very small, making 
it necessary to have a sensitive amplifier to detect and re­
cord them. Several types of high gain amplifiers were tried, 
fhe one finally adopted is a modification of that used by 
Xiocher (23). 'Rie amplifier consists of a two-stage resistance-
coupled circuit as shown in Pig. 6, A high gain 257 tube was 
used in the first stage and a 2A5 in the second stage. The 
latter was used to drive the speaker and the coiinting mechanism. 
The photon counter is connected to the amplifier by a 
10 fd. coMenser. A 300 ii»gohm resistor is connected in 
series with the photon tube and the high voltage power pack. 
The operation of the counter is as follows; 
Initially the resistance between cathode and anode 
of the tube is quite large. When a photoelectron is 
emitted by the cathode surface, it starts across to the 
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anode. Sue to the large potential difference between 
the electrodes the electron ionizes the gas which lies 
along its path, ^is ionization decreases the resist­
ance across the tube causing the voltage drop between 
the electrodes to become small compared to that across 
the 300 isegohm resistor. The helium gas deionizes and 
the resistance and voltage across the tube increase 
again to their former values. The time constant for 
this rise depends upon the product of the caiMieit; of 
the coruienser and the ohoage of the resistor. It is 
-3 
about 3 X 10 seconds for this circuit, 
The filter system shown for the grid bias resistor is 
foui^ necessary to reduce "feed back" into the 257 tube. The 
screen and plate circuits are also well filtered. The power 
supply for the amplifier Including transformers and filter 
system is removed to a distance to prevent the amplifier from 
being affected by induced currents and mechanical vibrations. 
All leads from the high voltage source, photon tub© and power 
pack are shielded and the shield grounded. By having the 
speaker connected in the plate circuit of the 2A5 the impulses 
passed on to the counting mechanism may be noted. The ampli­
fier was checked with an oscillograph, ^e Impulses from the 
photon tube are vei^ sharp and definite after amplification as 
long as the number of Impulses per second does not exceed 
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seven to eight hundred. For a large number, a second Impulse 
may start before the gas In the photon tube has completely de-
lonlsed. fhis results in a "drawling" of the Impulses with 
subsequent difficulties In recording. 
Counting a»chaniam, 
Thyratron "Scale of two" circuit. Since the impulses from 
the amplifier are at times more rapid than can be resolved by 
the mechanical reGcn*der, it is necessary to have some means of 
reducing the number of counts per unit of time to such a value 
as can be recorded. The Wynne-Williams <24) "Scale of Two" 
toyratron counting circuit offers such a mechanism, since the 
impulses entering the counter are reduced by a "scale of two" 
for each pair of thyratrons employed. In th© counting mechan­
ism whose circuit is shown in Fig. 7, a modification of the 
Wynne-Willlams circuit was used. Four thyratrons were used, 
thus requiring four impulses fi^m the amplifier to complete 
the cycle in the last pair of thyratrons. 
In the following paragraphs the operation of the thyra­
trons is explained. Assume that there is initially an arc 
across thyratron A, and that thyratron B is extinguished. Whan 
a positive voltage is applied to both ©rids of the thyratrons, 
an arc is struck in B which results in a sudden drop in its 
anode potential from about 4220 to +15 volts. The resulting 
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negative surge in B is transferred through the condenser 
to ttie anode of A, causing the voltape to drop to such a value 
as to extinguish the arc in that thyratron, ^e next impulse 
causes A to arc and B to "be extinguished thus completing the 
cycle. If we consider a series of Impulses such as 1, 2, 3, 
5 and 6, thyratron A can he said to respond to odd impulses 
1, 5 and 5 and 6 to even impulses 2, 4 and 6. 
If now we connect a second pair of thyratrons C and D, to 
the first pair through the resistance Z, we will have a posi­
tive impulse transmitted to the second pair eveiry time that B 
arcs. Thus on every even numbered initial impulse, an impulse 
is transmitted to C and B, This pair in turn takes two im­
pulses to complete a cycle. If even numhered impulses 2, 4, 6 
and 8 are transmitted toy B to the second pair, the thyratron 
C will respond to 2 and 6 and D will arc on 4 and 8, Thus four 
impulses mst toe applied to the counter in order that thyratron 
D complete a cycle, 
•Rie magnetizing coils of the mechanical recorder are con­
nected in the anode circuit of the last pair of thyratrons. 
Each time that C or D arcs, the anode current energizes the 
coil in that particular anode circuit: when extinguished the 
current ceases to flow. 
Mechanical recorder. The mecluinical recorder used is a 
modified form of that suggested toy Van den Akker (25) for cotmt-
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lug impulses from a Oeiger-Mller tube. It is shown in Pig, 8, 
It consists of two permanent magnets between whose poles a 
small vibrator of transformer iron is placed. The vibrator is 
prevented from touching the poles by two small brass stops. 
Around the vibrator is placed a helix composed of two sepax^ate 
colls of wire. These coils are wound simultaneously and con­
tain the same number of turns. Each coil consists of approx­
imately 70,000 turns of No, 36 enameled copper wire producing 
a d.c, resistance of 12,000 ohms. Each of these coils is con­
nected in the anode circuit of one of the last pair of thyrs-
trons. If one of the thyratrons is glowing, the plate current 
flowing through the coil in its anode circuit causes the end 
of the vibrator to beeme a south pole which ia therefore re­
pelled by the south pole of the permanent magnet and attract­
ed by its north pole causing the vibrator to move across to 
the latter pole. The coil in the anode circuit of the other 
thyratron is so connected that the anode current flows throiigh 
it in the opposite direction. When this thyratron glows, an 
opposite polarity is induced in the vibrator and it is driven 
in the opposite direction. Thus as first one and then the 
other of the last pair of thyratrons is lifted the vibrator 
ia driven from one pole to the other of the permanent magnet. 
Tbe movements of the vibrator are recorded by a atop 
watch. The balance wheel of the watch is removed and the end 
of ttcie vibrator connected to the escapement lever of the watch. 
- 19 -
A movement of the vibrator actuates the escaperaent lever al­
lowing the hands of the watch to move one unit on the scale or 
dial which reads in tenths of a second. A reading of 1 second 
corresponds to 10 vibrations or impulses from the photon count­
er. This counter will easily record 60 cycle current, i.e., 
120 vibrations per second. 
Possible improvements in apparatus. 
Several improvements in apparatus have been suggested by 
work with the apparatus and by recent publications. The high 
voltage power source could be much simplified and the B batter­
ies eliminated by the use of neon lamps to secure a constant 
voltage bias as suggested by Gingrich (26), The "Scale of Two" 
thyratron circuit might be improved by adopting the modifica­
tions suggested by Lewis (27), It would be more convenient if 
one used a photon tube without ground joints and wax seals. 
Figure 9 shows such a tube constructed with a Corex D window 
sealed to pyrex. The tube, filled with 8 em, of helium gas 
and sealed, has a sensitivity at 3000 A comparable to the tube 
described above, but the Corex D window will not transmit 
light of as low a wavelength as 2347 A for which a tube with a 
quartz to pyxMix graded seal would be quite desirable. 
- 20 -
Preparation of electrodes, 
The electrodes are made from graphite purchased from the 
Acheson Graphite Corp. This graphite is made especially for 
spectroscopic work. Rod 1/4 inch in diameter is used to pre­
pare the electrodes. 'Rie upper electrode is a piece of this 
rod cut square across the end. The lower electrode has a cup 
in the end to hold the material to he analyzed. This cup is 
cut by a drill bit held in a special Jig. Several types of 
lower electrodes were tried. The two tyj»8 shown below were 
found to be most 8atisfactoz*y. 
A B 
Type A is that used by Dr. H. A, Wilhelm of this department for 
work in quantitative spectrographic analysis. Type B is a mod­
ification of Type A used to cut down the time necessary to com­
pletely buTO the cup. Both types are prepared in special Jigs 
to secvire uniform dimensions and shape. Such uniformity is 
neceasary as a small variation in an electrode will change the 
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excitation conditions within the arc. After shaping, the 
electrodes are heated to a bright red with a gas-air torch in 
order to secure more unlfojrra absorption In the followlng qper-
atlons. After cooling, the small neck of the electrode and 
the bottom of the cup are treated with a solution of pyrolln 
dissolved in acetone. This treatment prevents the solutions 
used later fr<MB penetrating below the neck of the electrode. 
I^e treated electrodes are placed in a heating block of graph­
ite which la maintained at a temperature slightly above 1CX)®C, 
to hasten the evaporation of solutions added to the electrodes. 
A solution containing 1 mg. of Be per cc. was made by 
treatliig 2,77 gm. of BeO with 10 cc, of concentrated HCl, 
heating until all the beryllium dissolved, evaporating the ex­
cess HCl and diluting to one liter. Further dilutions were 
made to obtain solutions containing 0,1 mg,, 0,01 mg., and 
0,001 mg, per cc. aaall capillaxT- pipettes calibrated to de­
liver 0,05 cc, were used to add the solutions to the electrodes, 
^e solution penetrates Into the sides of the cup In the elec­
trode but Is prevented from penetrating below the small neck 
by the pyrolln treatment. As soon as the electrode is dry, it 
can be placed in the electrode holder for excitation. 
Adjustment and Excitation. 
After the electrodes have been placed in their holders, 
they must be aligned with the slit, A light and lens* are 
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permanently mounted so that an image of the electrodes is 
brought upon the slit when they are in the correct position. 
Definite si^clng "between the electrodes is secured by adjust-
ii^ them until their images coincide with fixed marks upon the 
slit of the monochromator. The distance from the electrodes 
to the slit is adjusted so that the intensity from a pure car­
bon electrode is about 50 counts per minute. This distance of 
110 cm, is licept fixed for all of the present measurements. 
The openings in both slits of the monochromator are kept 
very OTiall since a slight variation in the width of the slit 
causes a large change in the resulting intensity. For all of 
the work the slits were set at 0,08 mm. The prism of the mono­
chromator is rotated until a m&xlmam intensity or maximum count 
is obtained in the x*egion of 2548 A with electrodes containing 
BeO. A very distinct maximum is observed as one varies the 
settings in passing by the 2348 A Beryllium line. 
The voltage across the photon tube is adjusted to a value 
just under that which will give a continuous discharge at which 
point maximum sensitivity for the tube is attained. A small 
vial of radioactive nmterial placed near the photon tube pzK>-
vides a convenient method for making adjustments of voltage and 
also serves as a standard for later adjustments. The voltage 
can be varied until the same count is obtained as that used 
previously. The bias on the thyratrons is adjusted to register 
only definite impulses from the photon tube and to exclude all 
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Other small Impulses or oscillations that may be "picked up" 
by the amplifier, The watch of the mechanical recorder is set 
at zero in order to record the total number of impulses in the 
period of excitation. 
The arc is struck by using a graphite rod. Simultaneous­
ly the watch used for timing is started. The counting mechan­
ism will start as soon as light strikes the photon tube. The 
period of excitation can be determined in two ways. One may 
either select a certain time, for example two minutes, for all 
excitations, or may continue until the entire electrode cup is 
burnt. With the type and size of electrodes used these two 
methods give quite similar results. The time required for ccaa-
plete burning is about 2-1/2 minutes. The usual procedure is 
to run several blank electrodes both before and after those 
containing the samples. The blank electrodes are prepared in 
exactly the same mnner as those containing the beryllium 
samples. Thus one obtains a count from the blanks which is 
characteristic for all the electrodes of that type. 
Plotting results. 
The actual count registered by the counting mechanism is 
corrected by subtracting the count obtained for the blank 
electrodes, ^is corrected count is plotted against milli­
grams of beryllium present. The graphs obtained represent the 
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Tarlation of the number of counts with the nuaiber of milli­
grams of beryllium ppesent upon the electrode. 
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DISCUSSIOK OP RESULTS 
El|^t different test rtms were made using the experlawntal 
arrangement and method just described. !Fhe results of a part 
of these runs are shown in the tables and graphs in the appen­
dix. Run 1 was made using weighed amounts of BeO on each 
electrode, ^e results checked fairly well but the method was 
too tedious and did not permit samples of less than one hundred 
micrograms to be weighed with any accuracy. The results of 
the second run were discarded due to a mistake in making stand­
ard samples. 
The results of the third run, which are shown in Table I 
and Graph I, show the best correlation between the samples of 
all the test runs. The electrode caps were entirely covered 
with the pyrolin lacquer. The sensitivity of the counter was 
held quite low, thus the maximum count obtedmd was relatively 
small. Results of the fourth run were not considered since 
the B^chanical counter did not function properly. 
Tables II and III and the corresponding graphs show the 
results of the fifth and sixth runs. The cu^ of the Type B 
electrodes used, were completely burned. These cups l^d only 
the bottoms end necks treated with lacquer. The concentra­
tions in run Ko. 5 were greater than those in 9o. 6. In the 
latter, considerable difficulty was encountered as small por­
tions of taie cups were thrown from the arc unburned. The re-
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suits of the last two runs are shewn In Tables XV and V and 
ttielr corresponding graidis. Before these runs, the sensitivity 
of the photon counter was Increased resulting In a larger total 
count for a given concentration of bei^lllum. In these last 
two runs. Type A electrodes were used with the same lacquer 
tz*eatment used In runs So, 5 and 5o. 6. However, In the last 
run the electrodes were modified by having a saaall hole drill­
ed throu^ the neck to facilitate their Impregnation with 
lacquer. 
In the graphs of the results, those points lying at a dls* 
tance from the lines are In most eases on the left side, li»ll> 
catlng a sioaller number of counts for that particular saraple 
than that found for the majority of samples of that concentra­
tion. This small count is probably due to Incomplete burning 
of the beryllium in that sample. Incomplete burning may be 
caused by the solution soaking throuj^ the lacquer coating and 
carrying the beryllitim below the neck of the electrode or the 
excitation conditions such as voltage and electrode spacing 
may vary encmgh that the period used is not sufficient to bum 
below the point where the lacquer was applied* 
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S^MKARY 
Kie results obtained in this work indicate that there is 
a quantitative relationship between the number of coiinta ob­
tained from the photon counter and the cunoimt of material 
placed upon the electrodes. The general form of the curves ob­
tained is similar in all cases observed. H(^ever, variations 
in exciting coraiitions and in the photon counter adjustments 
caused quite a variation in actual values. 
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coucnjsioHs 
1. photon tuhe is satisfactory as a means of measuring 
light intensities from an element excited in an arc. 
2. The recording mechanism used for recording impulses from 
photon tube worked satisfactorily, 
3. With further development of technique of excitation, 
the {dioton tube should males an accurate method for quantitative 
analyses. 
- 29 -
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Table I 
Bun Ho» S Electrode Type A 
Tia» - 2 Minutes Treataent-total lAcquer 
Vililgrams Counts Coimts Counts 
of Be Actual Correct Actual Correct Actiwl Correct 
0,10 225 118 223 116 231 124 
0.05 206 99 209 102 loi It 
0.03 178 71 190 83 190 83 
0.01 146 39 141 34 142 35 
Blank 107 107 107 107 107 107 
Table II 
Rtin Mo. 5 
Time - Complete Buralng 
Electrode Tjpe B 
Treatment Lacquer 
Milligrams: Counis Counts Counts 
of Be : Actual Correct Actual Correct Actual: Correct 
1.0 
0.6 
: 
: 263 
i 228 
203 
168 
265 
190 
205 
130 
• 
265 : 205 
• 
• 
lost 
0»2 
0.1 
Blank 
SlectzH>de8 not adjusted 
130 
60 
70 : 186 126 : 189 129 
: 60 : 61 60 : 55 60 
- 55 -
Table III 
Run Ifo, 6 Electrode Type B 
Time « Complete Burning Treatnsnt Lacquer 
Milligrams Counta Counts Counts 
of Be Actual Correct Actual Correct Actual Correct 
0.6 265 182 268 185 270 190 
0.1 186 105 
0.05 140 57 195 112 
0.01 115 52 
0.005 121 58 121 58 
Blank 86 85 82 85 80 85 
Table lY 
Run So. 7 Electrode Type A 
Time - 2 Mlnutea Treatment Laeguer 
Xiiligr^BS Counts founts Counts 
of Be Actual Correct Acttml Correct Actual Correct 
0,6 761 596 792 627 700 545 
0.5 478 515 598 455 570 405 
0.1 591 226 591 226 558 275 
0.05 521 156 558 175 275 108 
0.02 268 105 265 100 
Blank 166 165 155 165 165 165 
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Table V 
Run lo. 8 
Time - 2 Minutes 
Electrode Type A 
Treatai^nt Lacquer 
founts Cotmte Counts 
of Be Actual Correct Acttial Correct Actual Correct 
0.5 655 438 609 392 658 441 
0.3 600 383 466 249 572 355 
0.1 424 207 395 178 441 224 
0.02 331 114 320 103 345 128 
Blank 219 217 201 217 230 217 
IfilligruBB of Be 
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Figure S, Photon Tube. 
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Figure 9, Wew Type Rioton Tube 
